Background: Previous studies have documented gender-ethnic disparities in outcomes following acute myocardial infarction (AMI). This study evaluates such disparities in the Negev, Israel, and reviews potentially responsible mechanisms. Methods: Patients discharged with AMI were classified into young (<70 years), elders (!70 years) and gender-ethnicity groups: Female Bedouins (FB), Female Jews (FJ), Male Bedouins (MB) and Male Jews (MJ). The primary outcome was 1-year all-cause mortality. Prognosis was assessed using Kaplan-Meier approach. Multivariable analyses assessing hazard ratios (HRs) for mortality were performed using the Cox proportional hazards regression models in two steps controlling for (i) the Ontario Acute Myocardial Infarction Mortality Prediction Rules (OAMIMPRs) and (ii) the OAMIMPR and additional potential confounders. Results: Of 2669 subjects, 45.8% were elders, 66.2% male and 10.9% Bedouin. The mortality rate was 12.3% (young 4.6%, elders 22%). Survival was significantly lower in FB compared with MB in the elderly stratum (P = 0.025). Multivariate analyses demonstrated similar risks for dying among the young. In the elders, the first multivariate analysis showed greater risk for mortality in FB. Using FB as the reference group, the HRs were as follows: HR (MB) = 0.36 [95% confidence interval (CI): 0.14-0.9]; HR (FJ) = 0.5 (95% CI: 0.27-0.9) and HR (MJ) = 0.5 (95% CI: 0.28-0.91). In the second analysis, the HRs were as follows: HR (MB) = 0.37 (95% CI: 0.14-0.93); HR (FJ) = 0.58 (95% CI: 0.32-1.07) and HR (MJ) = 0.56 (95% CI: 0.31-1.03). Conclusions: Elderly FB have poor 1-year prognosis following AMI compared with MB, MJ and FJ when controlling for the OAMIMPR model, yet when controlling for other potential confounders the differences are of borderline significance in relation to Jewish subjects. A culturally and economically sensitive programme focusing on tertiary prevention in these patients is warranted.
Introduction

S
everal studies have observed differences in clinical presentation, treatment and outcomes following acute myocardial infarction (AMI), depending on the patient's gender and ethnicity or race. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Previous works focusing on gender differences have shown that women experience worse prognosis after AMI compared with men.
2,3 Studies from around the world indicate a high prevalence of cardiovascular risk factors in different Bedouin/Arab populations. [4] [5] [6] Harpaz et al. 7 found significantly higher 3-year mortality rates after AMI in Israeli Arabs compared with Israeli Jews among women, but not among men.
Approximately 170 000 Bedouins live in the southern Negev region of Israel. The majority live in eight Bedouin towns and the rest live in small, temporary settlements (huts, tents). A small minority still maintains a semi-nomadic lifestyle. According to previous studies, there is a higher prevalence of cardiovascular risk factors among Israeli Bedouin/Arab compared with Jewish women. [8] [9] [10] [11] The aims of the present study were to evaluate the disparities in outcomes following AMI according to gender-ethnicity (Bedouins/Jews) groups in the southern Negev region of Israel, and to review the various mechanisms potentially responsible for differences in outcome.
Methods
Study population
In this observational retrospective cohort study, we reviewed the medical records of all patients who were discharged from the Soroka University Medical Center (SUMC) with the recorded diagnosis of AMI (ICD-9-CM code 410) during 2002-04. SUMC is a tertiary referral center ($1000 beds), singly serving the metropolitan area of Beer-Sheva (over 500 000 residents), southern Negev region, Israel. Exclusion criteria included out-of-district residents, absence of recorded age, gender or nationality or nationality other than Jew or Muslim. All Muslim patients were classified as Bedouins. The local ethics committee approved the study, which was performed in accordance with the Helsinki declaration.
The following data were obtained and analyzed from computerized patient files and hospital databases: demographics, co-morbid factors, in-hospital reperfusion therapy and diagnostic discharge codes. Mortality data, 1 year after discharge for all patients, were derived from the hospital's mortality database, updated on a weekly basis from the Ministry of the Interior Population Registry. The patients were stratified by age according to the median age of the study population: young (<70 years) and elders (!70 years). In each age stratum, four gender-ethnicity groups were defined: Female Bedouins (FB), Female Jews (FJ), Male Bedouins (MB) and Male Jews (MJ).
Primary outcome and potential covariates
The primary outcome in this study was all-cause mortality during the first year after discharge. Covariates, potentially affecting the risk of mortality, were defined based on the Ontario Acute Myocardial Infarction Mortality Prediction Rules (OAMIMPR). 12 The OAMIMPR is a simple and validated 11-variable statistical model, generated from hospital discharge administrative databases (demographics and ICD-9-CM discharge codes), for prediction of 1-year mortality after an AMI. In addition to the OAMIMPR variables, we obtained and analyzed some common comorbidities not included in the OAMIMPR (e.g. anaemia and chronic obstructive pulmonary disease), cardio-vascular risk factors, ischaemic heart disease characteristics and reperfusion therapy throughout the hospitalization.
Statistical analysis
The statistical analysis was performed using SPSS 16.0 for Windows software. The prevalence of the potential confounders was compared between the gender-ethnicity groups for each age stratum using analysis of variance (oneway ANOVA) and chi-square test. The prognosis was assessed using Kaplan-Meier approach. Comparison of prognoses between the gender-ethnicity groups in each age stratum was performed using the log-rank test. The multivariable analysis assessed the relative risk for mortality between the groups in each age stratum; controlling for the potential confounders was performed using the Cox proportional hazards regression models. The models were performed in three steps. In the first step, three dichotomous variables representing the gender-ethnicity groups were included in the model using 'enter' method where the FB group was the reference. In the second step, all potential confounders from the OAMIMPR model were added to the models using the forward stepwise method. In the third step, in addition to all parameters from the OAMIMPR model we included all other potential confounders using also the forward stepwise method. For each test, P-values (two-tails) <0.05 were considered statistically significant.
Results
Altogether, 2991 patients were included in the primary cohort. We excluded 322 (10.8%) patients for the following reasons: 218 (7.3%) were out-of-district residents and 104 (3.5%) had no record of age (n = 10) or nationality (n = 94). Thus, 2669 subjects qualified for the study. Approximately half the subjects (45.8%) were elders (!70 years). The majority of the subjects were males (66.2%), and 10.9% were Bedouins. The distribution of the gender-ethnicity groups in each age stratum is presented in table 1. The baseline characteristics of the study population by gender-ethnicity group among young and elders are presented in table 2.
During the follow-up period, 325 subjects died (1-year allcause mortality rate of 12.3%). The rates of mortality in the young and the elder strata were 4.6 and 21.9%, respectively. The 1-year mortality rate was highest (not statistically significant) in FB compared with MB, FJ and MJ both among the young (7.7, 6.1, 5.2 and 4.1%, respectively; P = 0.66) and the elderly (33.3, 13.5, 22.1 and 21.8%, respectively; P = 0.16). However, in the elder stratum, the 1-year cumulative survival in FB was significantly lower than in MB (66.7% versus 86.5%; P = 0.025). As displayed in figure  1 , no other statistically significant differences in survival were found between the groups. Table 3 presents the results of the multivariable analysis (only the remaining significant variables in the stepwise model). No significant differences in the risk of mortality according to the gender-ethnicity groups among the young subjects were found after adjusting for the OAMIMPR covariates alone or after adjusting for all the confounders. However, among elders, the multivariable analysis controlling for the OAMIMPR variables demonstrated a significantly higher risk for mortality in FB compared with the other gender-ethnicity groups, whereas no significant difference between those three groups was found (FB as reference): hazard ratio for MB (HR (MB) ) = 0.36 [95% confidence interval (CI): 0.14-0.9]; HR (FJ) = 0.5 (95% CI: 0.27-0.9) and HR (MJ) = 0.5 (95% CI: 0.28-0.91). In the multivariate analysis controlling for all the obtained covariates (including the OAMIMPR), FB had significantly higher mortality compared with MB and higher with borderline statistical significance compared with the other two subgroups: hazard ratio (FB as a reference) for MB (HR (MB) ) = 0.37 (95% CI: 0.14-0.93); HR (FJ) = 0.58 (95% CI: 0.32-1.07) and HR (MJ) = 0.56 (95% CI: 0.31-1.03).
Notably a number of variables that were highly significant in the univariate analysis (e.g. hypertension, tobacco use, etc.), as presented in table 2, dropped out of the multivariable model presumably because they were highly correlated with/explained by the gender/ethnicity groupings.
Discussion
The findings of our study indicate that Bedouin women have a poor 1-year prognosis after AMI compared with men (Bedouin and Jewish) and to Jewish women in the elderly age stratum when controlling for the variables of the validated OAMIMPR prediction model. Controlling for all the obtained covariates, FB had significantly higher mortality compared with MB (P = 0.035) and higher yet with only borderline statistical significance compared with the other two subgroups (P = 0.06 for MJ and P = 0.08 for FJ). We believe this minor inconsistency between the two analyses results mainly from the insertion of a large number of covariates into an analysis consisting of groups with small cohorts (especially FB). It is, however, possible that the OAMIMPR model, although accurate and validated in the its original population, is not comprehensive enough and hence suboptimal in our population. Thus, the adjustment for the additional parameters beyond those of the OAMIMPR model in the Outcome disparities after AMI in South Israel Table 2 Baseline characteristics of the study population by gender-ethnicity group among young and elders Based on our results and on the review of the literature, we suggest possible mechanisms for the differences in outcomes.
Cardiovascular risk factor profile
Differences in risk factors between Israeli Bedouin/Arab and Jewish women have been reported: Bedouin/Arab women are more obese, have a greater prevalence of diabetes, exercise less, are less educated, smoke less but suffer more from passive smoking and have a lower socio-economic status than Jewish women. [8] [9] [10] [11] Moreover, Tamir et al. 8 reported lower compliance with drug therapy (aimed at controlling risk factors such as blood pressure and diabetes) and follow-up tests among Bedouins from the Negev region compared with the local Jewish population. Those, in addition to atypical presentation and much more extensive coronary disease reported in Arab women in Israel, can partially explain the poorer outcome in this population. 13 In addition, it has been claimed that the Bedouin population suffers from under-recording and under-diagnosis of cardiovascular risk factors. 8 Our findings of worse prognosis among elder Bedouin females, yet not among younger, can be explained by the observation that many elders have not yet abandoned their traditional lifestyle while the younger generations have adopted a more modern way of living, similar to that of the Jewish population. 14 
Presentation and treatment
The evaluation of chest pain symptoms in women has been hampered by attempts to apply a 'typical' angina definition derived from predominantly male populations to female cohorts, as there are substantial differences between women and men in the type, frequency and quality of symptoms noted during their presentation. 15 For women, prodromal symptoms are often unusual including fatigue, sleep disturbance and shortness of breath. Additionally, women, in general, report more acute than prodromal symptoms, and up to half of women presenting with an AMI report no prior chest pain symptoms. 16 Salameh et al. 13 examined the risk factors, clinical presentation and extent of coronary artery disease among Jewish and Arab women in Jerusalem and found that Arab women are more likely to have three or more risk factors, an atypical clinical presentation and a more extensive coronary disease.
The early treatments given in the course of AMI reduce the infarct size and subsequent disability and mortality. 17 Moser et al. 18 reported that delay times in seeking treatment are dramatically increased with age in women. Minority and disadvantaged patients were reported to delay substantially longer in seeking treatment following chest pain than nonHispanic whites. 19 There are conflicting data, however, regarding whether there are gender differences in delay in seeking treatment for acute coronary symptoms. Moser et al. 18 have found no difference in delay times between men and women, while Sheifer et al. 20 reported that women delay longer than men.
It was pointed that gender-ethnicity differences in revascularization are in part responsible for mortality differences between the groups. 1, 21 Studies have consistently shown that women and black patients are less likely to receive invasive coronary interventions. 22, 23 This is probably due to a result of physicians using the patient's background information to make decisions about cardiac interventions and patients' lower willingness to undergo invasive procedures. 24 Similar potential differences in early presentation of AMI and delay in seeking medical treatment in Bedouin women can potentially postpone diagnosis, contribute to delayed and inadequate treatment and hence compromise the outcome in this population. Although reperfusion therapy was found to be a protective factor in the older age strata in the multivariate analysis, we have not found a statistically significant difference in reperfusion rates in this age group. In the younger age stratum, the reperfusion rate was significantly lower in Bedouin women compared with Bedouin and Jewish men. Thus, it seems that reperfusion therapy rate was not one of the pivotal factors for the increased mortality in elderly Bedouin women.
Quality of care after AMI
Correa-de-Araujo et al. 25 previously reported significant differences in quality of care after AMI according to gender and ethnic groups; low rates of smoking cessation counselling, prescription aspirin, beta-blockers and ACE inhibitors were found among women and minorities. The Proportional Hazard Cox models included the following variables:
Step I: three dichotomous variables representing the gender-ethnicity groups, where the FB group was the reference.
Step II: all potential confounders from the OAMIMPR model were added.
Step III: all potential confounders (as appear in Third, significantly increased mortality of elderly FB compared with all other elderly groups was found when controlling for the OAMIMPR prediction model, but that when controlling for other potential confounders, the differences were only of borderline significance in relation to Jewish subjects. Most of the potential explanations we presented to explain these disparities are based on previous reports and were not proven by us. We strongly believe further research is warranted to better characterize our findings and to test the relative contribution of the suggested explanations.
Implications for public heath policy and practice
Elderly Bedouin women in the southern Negev region, Israel, have poor 1-year prognosis following AMIs compared with elderly Bedouin men and possibly to elderly Jewish patients from the same district. Therefore, there is an urgent need to redirect resources to establish a culturally and economically sensitive programme focusing on tertiary prevention in this subgroup of patients. In addition, further research is warranted to determine more accurately the pivotal reasons responsible for the increased mortality in these women in order to enable prudent primary and secondary prevention programmes.
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Key points
Studies from around the world regarding cardiovascular risk factors indicate a high prevalence in different Bedouin/Arab populations with the highest prevalence among those living in established settlements. Until three decades ago, coronary heart disease and myocardial infarction were considered rare in the Israeli Bedouin population. Today, this population shows increasing high incidence compared with the neighbouring Jewish population. The compliance with drug therapy and follow-up tests for cardiovascular risk factors was found to be significantly reduced in the Bedouin population as compared with the Jewish population in Israel. Bedouin/Arab women are more obese, have a greater prevalence of diabetes, exercise less, are less educated, smoke less but suffer more from passive smoking and have a lower socioeconomic status than Jewish women. The main finding in this report is that elderly Bedouin women in the southern Negev region, Israel, have poor 1-year prognosis following AMI compared with elderly Bedouin men and elderly Jewish men and women when controlling for the OAMIMPR prediction model. When controlling for other potential confounders, these differences were only of borderline significance in relation to Jewish subjects. Similar disparities were not found in the young age group.
